Introduction
The main aim of an endodontic treatment is to remove the diseased tissue, eliminate bacteria from the root canal system and prevent its recontamination. [1] Irrigation is carried out to reduce the number of bacteria in the root canal system and to control the periapical disease. [2] A wide variety of synthetic antimicrobial agents have been used over the years as endodontic irrigants. Because of the increased antibiotic resistance to these antimicrobial agents, toxic and harmful side effects of few common antibacterial agents, there is a need for alternative agents which are affordable, non-toxic and effective. It has been found that natural plant extracts could be used as effective endodontic irrigants. [3] The ideal properties of a root canal irrigant are: it should be systemically nontoxic, should not harm the periodontal tissues, should not cause an anaphylactic reaction, should possess a broad antimicrobial spectrum, should be capable of dissolving necrotic pulp tissue, inactivating endotoxins, and either preventing the formation of a smear layer or dissolving it once it has formed.
[4] Sodium hypochlorite (NaOCl) is one of the most widely used endodontic irrigant because of its ability to destroy a broad spectrum of microbes but it has some undesirable characteristics such as tissue toxicity, allergic potential, and disagreeable taste and inability to remove the smear layer. [5, 6, 7] For this reason Ethylenediaminetetraacetic acid (EDTA) was used, which effectively demineralises the smear layer [8] but has to be used along with NaOCl to remove the organic part [9] and does not have disinfective ability. [10] Chlorhexidine is another commonly used antimicrobial agent which is being used to irrigate the canals due to its wide spectrum antimicrobial activity, biocompatibility and ability to disinfect the infected root canals. However it does not have tissue dissolving capabilities [11] and also has some undesirable effects as it may discolour the teeth, [12] may lead to dryness of the oral cavity and may even cause burning sensation of the mouth.
[13] To overcome the side effects of the above agents and to meet the requirements of an ideal irrigant, a new agent was introduced known as MTAD. It is an aqueous solution of 3% doxycycline, a broad-spectrum antibiotic; 4.2% citric acid, a demineralizing agent; and 0.5% polysorbate 80 detergent (Tween80). It also has some disadvantages such as high cost, reduced shelf life, less compatibility dental pulp cells. [14] Herbal or natural products have also become more popular today due to their high antimicrobial activity, biocompatibility, anti-inflammatory and anti-oxidant properties. [15] A wide variety herbal products have been used in the past in medicine. Thus the aim of this review is to enlist and describe the various herbal alternatives available today for use as effective endodontic irrigants.
II.
Herbal Endodontic Irrigants
Curcuma longa (Turmeric):
Curcumin, a member of a ginger family possesses anti inflammatory [16] , anti oxidant [17] , anti microbial [18] and anti cancer activity [19] . In an in vitro study conducted by Prasanna Neelakantan, it has been shown that curcumin has significant anti bacterial activity against E.faecalis and can be used as an alternative to sodium hypochlorite for root canal irrigation. Thus this herb can be used especially in endodontics for root canal failure cases. [20] 
Propolis:
Propolis, a natural antibiotic is a resinous substance that honey bees collect from trees of poplars and conifers. It possesses anti bacterial activities against streptococcus sobrinus and streptococcus mutans. [21] It also possesses good anti oxidant [22] and anti inflammatory activities [23] . It has been used as a pulp capping agent [24] , cariostatic agent [25] , as a mouth rinse [26] and in the treatment of periodontitis [27] . Ethanolic extract of propolis can promote bone regeneration and induce formation of hard tissue bridge in pulpotomies or pulp capping. In a study conducted by Al-Qathami and Al-Madi,the anti microbial efficacy of propolis, sodium hypochlorite and saline as endodontic irrigants was compared and it was found that propolis showed anti microbial activity equal to that of sodium hypochlorite. [28] 
Acacia nilotica (Babool):
Acacia nilotica also known as the gum Arabic tree, possesses good anti microbial [29] , anti oxidant [30] , anti fungal [31] , anti viral [32] and antibiotic activity [33] . It has been shown by Rosina Khan et al that this tree possesses anti bacterial activity against streptococcus mutans and E.faecalis. [34] In another study by Dhanya Kumar et al, extracts of liquorice, clove, cinnamon, babool were investigated for their anti microbial activity. It was shown that babool at a concentration of 50% had the highest activity against E.faecalis. [35] 
Azadirachta indica (Neem):
Neem's anti viral [36] , anti fungal [37] , anti bacterial [39] and anti carcinogenic activity [38] makes it a potential agent for root canal irrigation. Neem leaf extract is also used to treat dental plaque and gingivitis. Being a bio-compatible anti oxidant, use of neem is advantageous as it is not likely to cause the severe harms to patients that might occur through sodium hypochlorite accidents. Naiyak Arathi et al observed that ethanolic extract of neem had significant anti microbial activity against E.faecalis. [40] In another study by Hannah Rosaline et al, the effects of herbal extracts such as Morinda Citrifolia, Aadirachta indica and green tea were studied. The most to least effective irrigants were: Azadirchta indica, sodium hypochlorite, green tea, Morinda citrifolia and saline. Thus, it is an effective herbal alternative to the more commonly used irrigant sodium hypochlorite. [41] 
Aloe Vera (Aloe barbadensis miller):
Aloe vera possesses good anti bacterial and anti fungal activity. In a study conducted by Suresh Chandra, anti microbial effect of water, alcohol, chloroform extracts of aloe vera gel were investigated and it was found that chloroform extract of aloe vera had significant anti microbial effect against E.faecalis. [42] It also has been found to be effective against the resistant micro organisms commonly found in the pulp.
Morinda Citrifolia (noni):
Morinda Citrifolia also known as Indian mulberry has a wide range of uses due to its biocompatibility, and anti bacterial, anti inflammatory, anti viral, anti oxidant and analgesic effects. It is one of the first herbal alternatives given for an intra canal irrigant. In a study conducted by Prabhakar AR et al, Morinda citrifolia was compared with Chlorhexidine as anti microbial endodontic irrigants. From this study, Morinda Citrifolia was found to have significant anti bacterial activity which is attributed due to its contents alizarin,scopoletin,aucubin and asperuloside. However it was lower than 0.2% Chlorhexidine. [43] 
Triphala and Green tea polyphenols:
Triphala's fruit is rich in citric acid which helps in removing the smear layer. It's chelating property makes it an effective alternative to sodium hypochlorite for root canal irrigation. [44] Green tea polyphenols have significant anti oxidant, anti cariogenic, anti inflammatory, thermogenic, probiotic and anti microbial properties. [45] Triphala and Green tea polyphenols are preferred over the traditional root canals irrigants due to their curative properties such as anti oxidant, anti inflammatory and radical scavenging activities. In an in vitro study conducted by J.Prabhakar et al, Triphala and Green tea polyphenols were found to have significant anti microbial activity against E.faecalis biofilm formed in tooth substrate. [6] In another study by Madhu Pujar et al, antimicrobial efficiency of triphala, gren tea polyphenols and 3% sodium hypochlorite were compared against and E.faecalis and it was observed that triphala and green tea polyphenols showed significantly better antibacterial activity against 2 week biofilm. [46] 
German chamomile and tea tree oil:
German chamomile has anti inflammatory, analgesic and anti microbial properties. Tea tree oil also has many properties such as being an antiseptic, anti fungal agent, anti bacterial and a mild solvent. The active component in tea tree oil is terpinen-4-ol which is responsible for the above properties. [47] In a SEM study conducted to overcome the undesirable effects of sodium hypochlorite, it was observed that chamomile when used as an irrigant was more effective in removing smear layer when compared to sodium hypochlorite used alone but less effective than sodium hypochlorite combined with EDTA. [48] In another study by Uday Kamath et al, anti bacterial efficacy of tea tree oil was compared with 3% sodium hypochlorite and 2% Chlorhexidine against E.faecalis. It was found that maximum anti microbial activity was shown by Chlorhexidine followed by tea tree oil and then sodium hypochlorite. [49] 2.9 Salvadora Persica Solution (Miswak-siwak):
In a study conducted by Nawal A.K.Al-Sabawi et al, alcoholic extract of Salvadora Persica was compared with 5.25% sodium hypochlorite, 0.2% Chlorhexidine and normal saline. It was shown that Salvadora Persica extract had a significant anti microbial effect against both aerobic and anaerobic bacteria with its efficacy being maximum at 15%. [50] 2.10 Allium Sativum (Garlic):
Its main active component is allicin which destroys the cell wall and cell membrane of root canal bacteria and thus can be used as an irrigant alternative to sodium hypochlorite. [51] 
Jeeryin Soution:
This is a Chinese herbal compound with anti bacterial, anti inflammatory and detoxifying effects. When used at 30% concentration for irrigation of root canal, it had a similar effect to that of sodium hypochlorite. [51] 2.12 Myristica Fragrans (Nutmeg) and Terminalia Chebula:
Myristica fragrans possesses anti bacterial property which is mainly due to its chief constituent myristic acid. Tannin is responsible for the anti bacterial action of terminalia Chebula. In a study conducted by Thila S.Vinothkumar et al, five different herbal extracts were evaluated as anti microbial endodontic irrigants. The efficiency of the extracts in descending order was as follows: Azadiracta Indica, Curcuma Longa, Myristica fragrans, Terminalia Chebula and Aloe Vera. [52] 2.13 Aroeira-da-praia and Quixabeira:
In an invitro study conducted by Edja Maria Melo de Brito Costa et al, anti microbial activity and root canal cleaning potential of Aroeira-da-praia and Quixabeira against E.faecalis was evaluated. It was concluded that Aroeira-da-praia showed anti microbial activity at all concentrations tested whereas Quixabeira was effective only at 100% and 50% concentrations. [53] 2.14 Spilanthes Calva DC:
Spilanthes Calva DC is an important herb for oral health care. It is non toxic to human beings and has anti bacterial and anti fungal activities. Moulshree Dube et al compared the anti bacterial efficacy of methanolic extract of Spilathes Calva DC roots with 2% Chlorhexidine 3% sodium hypochlorite and doxicycline at different concentrations against E.faecalis. From the study, it was concluded that Spilanthes Calva DC root extract had comparable anti bacterial activity to sodium hypochlorite. Thus it may have potential as a root canal irrigant.
[54]
Myrtus Communis:
This plant has anti bacterial activity against both gram positive and gram negative organisms. In a study by Rajaa T Sulieman,the anti bacterial effect off Myrtus communis alcoholic extract solution when used as an intracanal irrigant was evaluated and compared with the currently used root canal irrigants. It was found that Myrus communis showed anti microbial effect at different dilutions, the best being at 35% concentration. Its effect was comparable to 5.25% sodium hypochlorite and 0.2% Chlorhexidine solution and showed nearly similar effect. [55] 
III. Conclusion
The major advantages of herbal irrigants are safety, easy availability, increased shelf life, cost effectiveness and lack of microbial resistance so far. The in vitro studies conducted so far have shown that herbs can have a promising role as root canal irrigants. However, further clinical trials and investigations are required to be considered as effective alternatives to the synthetic root canal irrigants.
